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SUBJECT: Floyd Lake Dam Phase I Inspection Report

This report presents the results of field inspection and evaluation of ¢
the Floyd Lake Dam (MO 30744).

It was prepared under the National Program of Inspection of Non-Federal
Dams. T

This dam has been classified as unsafe, emergency by the St. Louis
District as a result of the application of the following criteria:

Gl et

a. Spillway will not pass a 10-year frequency flood without
overtopping of the dam. The spillway is, therefore, considered to
be unusually small and seriously inadequate.

b. Overtopping could result in dam failure.
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c. Dam failure significantly increases the hazard to life and
property downstream.
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PREFACE

This report is prepared under guidance contained in the Recommended Guidelines
for Safety Inspection of Dams for Phase I Investigations, Copies of these guidelines may
be obtained from the Office of the Chief of Engineers, Washington, D. C., 20314. The
purpose of a Phase I investigation is not to provide a complete evaluation of the safety of
the structure nor to provide a guarantee on its future integrity. Rather the purpose of the
program is to identify potentially hazardous conditions to the extent they can be
identified by a visual examination. The assessment of the general condition of the dam is
based upon available data (if any) and visual inspections. Detailed investigations, testing,
and detailed computational evaluations are beyond the scope of a Phase I investigation;
however, the investigation is intended to identify the need for more detailed studies. In
view of the limited nature of the Phase I studies no assurance can be given tnat all
deficiencies have been identified.

In reviewing this report, it should be realized that the reported condition of the dam
is based on observations of field conditions at the time of inspection along with any data
which may be available to the inspection team. In cases where the reservoir was lowered
or drained prior to inspection, such action removes the normal load on the structure, as
well as the reservoir head along with seepage pressures, and may obscure certain
conditions which might otherwise be detectable if inspected under the normal operating
environment of the structure.

It is tmportant to note that the condition of a dam depends on numerous and
constantly changing internal and external conditions, and is evolutionary in nature. It
would be incorrect to assume that the present condition of the dam will continue to
represent the condition of the dam at some point in the future. Only through frequent
inspections can unsafe conditions be detected, so that corrective action can be taken.
Likewise continued care and maintenance are necessary to minimize the possibility of
development of unsafe conditions.
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PHASE I REPORT
NATIONAL DAM SAFETY PROGRAM

Name of Dam Floyd Lake Dam

State Located Missouri

County Located Washington

Stream Unnamed Tributary of Old Mines Creek
Date of Inspection 18 July 1980

";Floyd Lake Dam, Missouri Inventory Number 30744, was inspected by Richard
Berggreen (engineering "geologist), Leonard Krazynski (geotechnical engineer), John
Seymour (geotechnical engineer) and Sean Tseng (hydrologist).

The dam inspection was made following the guidelines presented in the
"Recommended Guidelines for Safety Inspection of Dams". These guidelines were
developed by the Chief of Engineers, U.S. Army, Washington, D.C., with the help of
federal and state agencies, professional engineering organizations, and private engineers.
The resulting guidelines represent a consensus of the engineering profession. These
guidelines are intended to result in an expeditious identification of those dams which may
pose hazards to human life and property, based on available data and a visual inspection.
In view oi the limited nature of the study, no assurance can be given that all deficiencies
have been identified.

Fhe dau?\has been classified by the St Louis District, Corps of Engineers (SLD), as
having a high hazard potential; we concur with this classification. The SLD estimated
damage zone length extends approximately eight miles downstream of the dam. Within
the potential downstream damage zone are 4 dwellings within the first mile and the town
of Old Mines, approximately 2 mi downstream.

" The dam is classified small due to its 50 ac-ft storage capacity. The dam is 21 ft
high. The classification for small size dams is based on a height between 25 and 40 ft or a
storage capacity between 50 and 1000 ac-ft. -
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\The visual inspection and available information indicate the dam is in generally poor
condition. The principal deficiencies noted were the inadequate spillway capacity,
potential erosion at the toe of the dam by the flow in the discharge channel, and very
dense vegeta\ation on the downstream slope of the dam, obscuring the face from a thorough
inspection. '

h Seepage and stability analyses comparable to the requirements of the
"Recommended Guidelines for Safety Inspection of Dams" were not available, which is a
deficiency that should be rectified.

'Hydraulic and hydrologic analyses indicate that the dam will be overtopped by the
10 percent probability-of-occurrence event (10-yr flood), and by a flood of greater than 5
percent of the PMF event. The PMF is defined as the flood event that may be expected
to occur from the most severe combination of critical meteorological and hydrologic
conditions that are reasonably possible in the region. |

On the basis of the proximity of the town of Old Mines downstream of this dam, it is
recommended that 100 percent of the Probable Maximum Flood (PMF) be used as the
spillway design flood.

.

The following remedial measures and additional studies are recommended for Floyd
Lake Dam:

L. Prepare a hydraulic/hydrologic analysis, and design spillway and discharge
channel systems capable of passing the PMF without overtopping the embankment.

2, Evaluate the feasibility of the relocation of the downstream discharge channel
away from the toe of the dam, or provide adequate erosion protection.

3.  Remove trees and other obstructions from the downstream channel. Also
evaluate removal of trees and vegetation from the downstream face of the dam.
Removal of large trees should only be done under the guidance of an engineer
experienced in the design and construction of dams. Indiscriminate clearing could
jeopardize the safety of the dam.
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4, Perform seepage and stability analyses to meet the requirements of the
"Recommended Guidelines for Safety Inspection of Dams".

5. Develop a program of periodic inspections to identify necessary maintenance.
This inspection program should include but not be limited to:

a. Evaluatijon of erosion in the spillway and discharge channel;

b. Inspection of the embankment for signs of slope instability such as
cracking or slumping;

c. Monitoring seepage to identify changes in seepage volume or turbidity of
seepage water.

Maintenance should also include controlling vegetation on the face of the dam.
Records should be kept of the inspections and any required maintenance.

The analyses and remedial measures should be performed by an engineer experienced
in the design and construction of earth dams.

It is recommended the owner take action on these recommendations without undue
delay to preclude deterioration which could lead to development of hazardous conditions.
Action regarding the spillway capacity should be taken immediately.

WOODWARD-CLYDE CONSULTANTS

rowiion o

Richard
Registered Geologist

%'MA\»‘I:‘(L—;

Leonard M. Krazynsky, P.E.
Vice President
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1.1

PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM
FLOYD LAKE DAM, MISSOURI INVENTORY NO. 30744

SECTION 1
PROJECT INFORMATION

General
a. Authority. The National Dam Inspection Act, Public Law 92-367, provides for

a national inventory and inspection of dams throughout the United States.
Pursuant to the above, an inspection was conducted of Floyd Lake Dam,
Missouri Inventory Number 30744.

Purpose of Inspection. "The primary purpose of the Phase I investigation
program is to identify expeditiously those dams which may pose hazards to

human life or property... The Phase I investigation will develop an assessment
of the general condition with respect to safety of the project based upon
available data and a visual inspection, determine any need for emergency
measures and conclude if additional studies, investigations and analyses are
necessary and warranted" (Chapter 3, "Recommended Guidelines for Safety
Inspection of Dams").

Evaluation criteria. The criteria used to evaluate the dam were established in
the "Recommended Guidelines for Safety Inspection of Dams", Engineering
Regulation No. 1110-2-106 and Engineering Circular No. 1110-2-188,
"Engineering and Design National Program for Inspection of Non-Federal
Dams", prepared by the Office of Chief of Engineers, Department of the
Army, and "Hydrologic/Hydraulic Standards, Phase I Safety Inspection of Non-
Federal Dams", prepared by the St Louis District, Corps of Engineers (SLD).
These guidelines were developed with the help of several federal agencies and

many state agencies, professional engineering organizations, and private
engineers.
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1.2 Description of Project

Description of dam and appurtenances. Floyd Lake Dam is an earth dam

constructed of residual clay soil with an outer protective mantle of gravel,
The dam was constructed to impound water for an adjacent barite ore
processing plant, The mine and processing plant are currently abandoned. The
dam impounds water and an undetermined amount of fine tailings. The

reservoir is currently used for recreation,

The spillway is located at the right (eastern) abutment, is vegetated by grass
and weeds, and is crossed by a gravel road. The downstream discharge channel
flows north from the spillway and crosses another gravel road. The channel
continues northwest along the toe of the dam (see Fig A-1, Appendix A).
Another spillway was originally located at the west end of the dam (left
abutment). This spillway has been filled and is no longer identifiable. An
abandoned discharge channel for this spillway flows northeastward along the
toe of the dam to near the maximum section of the dam where it merges with
the existing downstream discharge channel (Fig A-1, Appendix A). The
combined channels flow northward from there along the original stream
channel toward the town of Old Mines,

There are two abandoned tailings dams located upstream of the impoundment.
The pond areas for these dams are almost totally filled with tailings, are
heavily vegetated, and are essentially reclaimed by nature (Photos 1 and 2).

Location. Floyd Lake Dam is located on an unnamed tributary of Old Mines
Creek, approximately 4 mi north of the town of Potosi, in Washington County
Missouri, in the southernmost portion of Mineral Land Survey #3039, T38N,
R3E, USGS Potosi 7.5 minute quadrangle map (Fig 1)

Size classification. The dam is classified as small due to its approximately
50 ac-ft storage capacity. The dam is 21 ft high. The small size classification
is based on a height between 25 and 40 ft or a storage capacity between 50 and
1000 ac-ft.
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Hazard classificationn. The dam has been classified by the St Louis District,

Corps of Engineers (SLD), as having a high hazard potential; we concur with
this classification, The SLD estimated damage zone length extends approx-
imately eight miles downstream of the dam. Located within this zone are four
dwellings in the first mile (Photo 3), and the town of Old Mines, approximately

two miles downstream.

Ownership. The dam is reportedly owned by Mr F. W. Floyd. Correspondence
should be addressed to Mr F. W. Floyd, Potosi, Missouri 63664.

Purpose of dam. The dam was originally constructed to impound water used in

the adjacent barite ore processing mill. Later, it held water recycled from the
barite ore tailings impoundments upstream from the reservoir. The barite
processing mill is abandoned and the reservoir impounded by the dam is
currently used for recreational purposes,

Design and construction history. Information on the design and construction
1gn g

history of the dam was obtained from interviews with Mr Dall Groves and
Mr F. W. Floyd, both of Potosi, Missouri.

The dam was built in 1946 to act as the clearwater pond for a barite ore mine,
The mine was in operation from 1946 until 1957, For construction of the dam,
the land was first cleared and a trench (of undetermined size) was excavated,
and filled with compacted clay soil. The excavation reportedly did not reach
bedrock. The dam was then built from locally obtained residual clayey soil.
No records were available documenting the compaction of either the clay
cutoff trench or the embankment of the dam. The downstream slope was
reportedly constructed at approximately 2(H) to 1(V), and the upstream slope
was constructed at approximately 3(H) to I(V). The dam was then covered
with gravel waste (chat} from the barite mill presumably for erosion
protection, improvement of trafficability of the crest, and to inhibit burrowing
by animals.

Normal operational procedures. The dam is currently abandoned and there are
no operating facilities at this site.




1.3 Pertinent Data

a. Drainage area.

b. Discharge of damsite.

Maximum known flood at damsite

Warm water outlet at pool elevation

Diversion tunnel low pool outlet at pool elevation
Diversion tunne] outlet at pool elevation

Gated spillway capacity at pool elevation

Gated spillway capacity at maximum pool elevation
Ungated spillway capacity at maximum pool elevation
Total spillway capacity of maximum pool elevation

¢c.  Elevations (ft above MSL).

Top of dam

Maximum pool - design surcharge

Full flood control pool

Recreation pool

Spillway crest (gated)

Upstream portal invert diversion tunnel
Downstream portal invert diversion tunnel
Streambed at centerline of dam

Maximum tailwater

Toe of dam at maximum section

d.  Reservoir.
Length of maximum pool
Length of recreation pool

Length of flood control pool

e.  Storage (acre-feet).

Recreation pool
Flood control pool

Approximately 0.37 mi2

Unknown
N/A

N/A

N/A

N/A

N/A

100 ft3/sec
100 ft3/sec

908.3 to 910.9
N/A

N/A

906.3

N/A

N/A

N/A

Unknown

N/A

888.4

500 £t
300 ft
N/A

37
N/A
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Design surcharge
Top of dam

Reservoir surface (acres).

Top of dam
Maximum pool
Flood control pool
Recreation pool
Spillway crest

Dam.

Type
Length
Height
Top width
Side slopes

Zoning
Impervious core
Cutoff

Grout curtain

Diversion and regulating tunnel.

Type

Length

Closure

Access

Regulating facilities

Spiliway-

Type

N/A
50

7.5
7.5
N/A

Equipment-rolled earth and chat
1250 ft

21 £t (maximum section)

18 to 22 ft

Downstream 2(H) to 1(V);

Upstream unknown
(reported to be 3(H) to 1(V))

None
None
Trench filled with compacted clay
None

None
N/A
N/A
N/A
N/A

Irregular, earth with grass and gravel
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Length of weir
Crest elevation
Gates

Upstream channel
Downstream channel

Regulating outlets.

45 ft
906.3 ft (MSL)
None
None

Brushy, grass-lined, with some portions
eroded to bedrock

Four assorted pipe culverts under the
upstream-most road which acts as the
spillway. Pipes are apparently blocked.
Two 4-in., one 6-in. and one 3-in.
diameter pipes.
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2.2

23

25

SECTION 2
ENGINEERING DATA

Design

No design drawings or records were found for this dam. Mr Dall Groves, a former
manager of the mine, and Mr Floyd, the current owner, provided all design data
included in this report. A formal design by an engineer experienced in the design

and construction of dams was apparently not made for this dam.
Construction

The dam was built in 1946, according to Mr Groves. The dam has a compacted clay
key that reportedly does not extend to bedrock. The dam is constructed from
locally obtained residual stoney clay (CL to CH) and compacted using vehicle tires
and tracks. It has an outer mantle of chat. The main existing spillway is located on
the east end of the dam (right abutment). A former (reported) auxiliary spillway at
the west end has been subsequently filled with chat, presumably in an effort to

maintain a dry roadway.

Operation

No operating records were available for this dam. Mr Groves has indicated that a
major rainstorm on June 29, 1957 did not damage the dam as the dam had two
operating spillways which successfully passed the flood. Following that storm, the
spillway at the west end of the dam was filled (date unknown) to the elevation of the
dam crest. Operations at the dam and mill were terminated in 1957,

Evaluation

a.  Availability, The available engineering data were limited to the recollections
of a former manager of the mining operation which used the dam, and to the
present owner of the dam,

b. Adequacy. The available information is insufficient to evaluate the design of
Floyd Lake Dam, Seepage and stability analyses comparable to the require-
ments of the guidelines are not on record. This is a deticiency which should be
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rectified. These seepage and stability analyses should be performed for
appropriate loading conditions (including earthquake loads) and made a matter
of record. These analyses should be performed by an engineeer experienced in
the design and construction of dams.

c.  Validity. There is no reason to question the validity of the information

obtained from Mr Groves or Mr Floyd. The information is not in conflict with
the conditions observed in the field.

Project Geology

The dam site lies on the northern flank of the Ozark structural dome. The regional
dip is to the north. The bedrock in the area consists of Cambrian age Eminence and
Potosi dolomite formations (Fig 4). The Potosi Formation is a light gray, medium-to
fine-grained dolomite and typically contains an abundance of quartz druse
characteristic of chert-bearing formations. The Eminence Formation comformably
overlies the Potosi Formation, and is similar in appearance, but generally contains
less quartz and chert. Large caves and springs are found in the Eminence Formation
in parts of Missouri. Although solution activity was not noticed in the area, a
possible spring was found near the right abutment of the dam (see Fig A-1 and
Section 3.l.e.).

The soil at the dam site is a dark red-brown, stoney, plastic, residual clay (CL-CH),
characteristically developed on the Potosi Formation. This soil is locally overlain by
a thin loess profile (2 to 5 ft) consisting of clayey silt (ML). The soils in this area
are mapped on the Missouri General Soils Map as Union-Goss-Gasconade-Peridge
Association.

The Cabanne Fault, an east-west trending branch of the Big River Fault system, is
mapped approximately 5 mi south of the dam. The fault is approximately 12 mi
long, is mapped as north side down, and is within the Potosi and Eminence
Formations at the surface. The Aptus Fault, a 15 mi long northwest-southeast
trending branch of the Big River Fault system, is mapped approximately 5 mi west
of the site. The Aptus fault is mapped as southwest side down, and is mapped within
the Potosi and Eminence Formations at the surface. The faults are likely Paleozoic
in age, and are not considered to be in a seismically active area. The faults are not
considered to pose a significant hazard to the dam.
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SECTION 3
VISUAL INSPECTION

3.1 Findings

a. General. The dam was inspected on 18 July 1980, without an owner's
representative present. The inspection indicated the dam is in generally poor

condition.

b. Dam. The dam is constructed of a gravelly residual clay (CL-CH) with a chat
mantle of unknown thickness over the entire dam. The dumping of the chat
has created irregular low ridges along the upstream and downstream edges of
the dam crest.

A gravel road runs along the dam crest. The dam crest appears to be
relatively level and ranges in width from about 13 to 22 ft. The chat ridges
that have been deposited on the upstream and downstream edges of the road
are generally higher than the road but are irregular (Fig 3). The alignment of
the dam crest was apparently not disturbed although the crest is not straight
(Photos 4 and 5). A bend has been identified in the dam crest, the eastern half
of the dam being farther north than the western half. If this bend in the
alignment of the dam crest was due to a lateral shift of this magnitude, it
would probably have caused a dam failure. It should be noted that dams built
for the barite ore mines in this area are often not surveyed and may be
constructed with an irregular alignment. This offset, therefore, is probably
the way the dam was originally built and it has not undergone significant
deformation.

An 1/8-in. wide crack approximately 35 ft long, was noted running parallel to
the dam crest on the northern (downstream) edge of the road (Fig A-1 and
Photo 6). It was apparently shallow (a few inches) but the depth could not be
accurately determined. The crack was linear and there was no difference in
elevation between the two sides. The assessment made during our visual
inspection was that the crack was probably caused either by minor settlement
or shrinkage, as opposed to slope instability.
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The dam was constructed with a 2(H) to 1(V) downstream slope and approxi-
mately a 3(H) to 1(V) upstream slope (as reported by Mr Groves). Both faces
of the dam are now heavily vegetated with weeds, thick brush and mature
trees (Photos 4 and 5). Slope movement, such as slumps, or erosion on the dam
face could not be identified as the slopes were largely obscured from view by
the thick vegetation. There is no riprap present on the dam.

Seepage was noted along the dam toe (Photo 7). The total seepage at the
time of our inspection was about 5gal/min and did not appear to be
transporting any soil particles.

Seepage areas could be seen near the toe of the eastern one-third of the
downstream face but vegetation obscured much of the downstream face. The
ground at the toe of the western half of the dam is very wet and spongy and is
vegetated with swamp grasses and trees. Specific points of seepage, however,
could not be accurately observed due to the dense vegetation.

The foundation soil for the dam is a red to brown, residual stoney clay formed
on dolomite bedrock. The bedrock is apparently Eminence Formation, as
indicated by the relatively small amounts of quartz druse in the soil. There
was no unusual cracking or bulging of the soil beyond the toe of the dam,
suggesting that the foundation soils are stable. Evidence of sinkholes was not
identified on or around the dam. Animal burrows could not be identified on
the dam face due to the thick vegetation, but adjacent grass fields contained
numerous small-diameter burrows.

The dam apparently has a low erosion potential, due to the thick vegetative
growth on its faces. If the vegetation is totally stripped to the original chat
mantle, the chat would be moderately to highly susceptible to erosion.

Appurtenant structures. The spillway is located at the eastern (right) abut-
ment. It is crossed by a gravel road which acts as a weir controlling flow out
of the impoundment. The spillway is partially covered with grass and partially
lined by gravel where the road crosses it. Four pipe culverts run under the

>
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( ' road and their apparent function was to act as a reservoir level regulator,
Originally, the lake level appears to have been maintained about 3 ft below the
crest. These pipe culverts were only visible at the downstream end of the
spiliway and were dry (Photo 8). As no control valves were identified, it is
assumed that these pipe culverts are clogged at the upstream end and are no
longer functioning,

The dam was reportedly originally constructed with two spillways, one at each
abutment. The spillway at the west abutment was no longer identifiable at the
time of our inspection and appears to have been filled with chat, presumably in
an effort to maintain a dry roadway.

d. Reservoir area. Immediately upstream of the reservoir are two abandoned

tailings dams approximately 40 ft in height (Photos 1, 2 and 5). The down-
stream slopes are estimated at 35 degrees which is typical of tailings dams in |
this area. The impoundment areas are almost totally fileld with fine-grained
tailings and are heavily vegetated.

The remaining area around the reservoir has slopes of less than 5(H) to 1(V).
Pasture and farm fields surround the reservoir and dam. No evidence of
potentially unstable slopes, other than the very steep slopes of the upstream
tailings ponds, was noted during the field inspection.

Since the construction of Floyd Lake Dam, construction of two upstream
tailings dams has taken place. This has added fine grained tailings to the
Floyd Lake reservoir at a higher rate than normal sedimentation rates, The
original lake depth was approximately 15 to 18 ft. Since the spillway outlet
pipes have become clogged, the lake level has risen perhaps 1 to 2 ft.

e. Downstream channel. The downstream discharge channel flows north from the
gravel road at the spillway location, through a low area (Photo 9), crosses

another gravel road, and then flows northwest along the toe of the dam
(Fig A-1, Appendix A). Where the downstream discharge channel crosses the
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second gravel road, two [2-in. diameter culverts pass under the road
( (Photo 10). Flood flows which could not be accommodated by these culverts
would flow across the road. The discharge end of the culverts is partially
protected from erosion by coarse tailings waste (bullrock). The downstream
discharge channel along the toe of the dam is heavily vegetated (Photo 11) and
could easily become obstructed during flood flows. The downstream discharge

channel is at or near bedrock so no significant deepening of the channel by “
erosion is expected. However, substantial lateral erosion could occur along
the banks of the channel particularly if the channel becomes obstructed by w
fallen trees, This erosion could undercut the toe of the dam, reducing the ‘
slope stability.

Flow from what appeared to be a small spring at the soil-bedrock contact was ﬁ
noted in the downstream discharge channel, below the two 12-in. culverts |
(Photo 7 and Fig A-1, Appendix A). The elevation of the spring relative to the '
pond elevation suggested it was not due to seepage from the reservoir. Flow i
at the time of our inspection was of the order of 2 gal/min. |

3.2 Evaluation

The visual inspection indicated that the dam is in generally poor condition. The lack i
of maintenance at this facility has created conditions that are detrimental to the
dam’'s safety because the very thick vegetation inhibits proper inspection of the
dam. The amount and maturity of the vegetation in the downstream channel and on
the dam face is considered a deficiency. Removal of large trees should be evaluated
by an engineer experienced in the design and construction of dams. Indiscriminate
clearing could jeopardize the safety of the dam., After removal of the major
vegetation the dam face and points of seepage should be re-inspected. The spillway
is irregular and moderately erodible although the bedrock surface appears to be at a
rather shallow depth, The spillway should be enlarged and, if necessary, protected
against erosion. The downstream discharge channel is obstructed by a gravel road
which would tend to divert heavy flows away from the dam and toward the field
beyond the toe of the dam. The downstream discharge channel should be re-routed
away from the toe of the dam, or the toe and the channel should be protected
against erosion. The current total seepage at the time of our inspection was

( approximately 5 gal/min. The heavy vegetative growth obscures the locations of
some points of seepage. This condition should be rectified, so the amount and
turbidity of the seepage can be periodically checked.
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SECTION 4

OPERATIONAL PROCEDURES

Procedures

No operating procedures currently exist at this facility as the dam has been

abandoned.

Maintenance of Dam

At the present time there are no formal maintenance procedures in effect at this
facility. It does not appear that the dam has been maintained for over 20 years,
based on vegetation on the dam. According to Mr Groves, during the time the barite
mill was operating (1946 to 1957), vegetation was kept off the dam faces and
spillways, and rodents were controlled.

Maintenance of Operating Facilities

There are no facilities requiring operation at this dam.

Description of Any Warning System in Effect

The visual inspection did not identify any warning system in effect at this dam.
Evaluation

There is currently no identified plan for periodic inspections nor performance of
maintenance. This is considered a deficiency.

Consideration should be given to controlling vegetation on the dam, as roots could
provide potential piping paths through the embankment. Excessive tree and shrub
growth interferes with proper inspection of the dam. Removal of large trees should
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( be done under the guidance of an engineer experienced in the design, construction,
and maintenance of dams. Indiscriminate clearing of trees could jeopardize the
safety of the dam.

The feasibility of a practical warning system should be evaluated to alert down-
stream residents and traffic, should potentially hazardous conditions develop during

periods of heavy precipitation.
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SECTION 5
HYDRAULIC/HYDROLOGIC

Evaluation of Features

Design data. No hydrologic or hydraulic information was available to aid in
the evaluation of this dam. Pertinent dimensions of the dam were surveyed in
July 1980. Other information was obtained during the field inspection or
estimated from topographic maps. The maps used for the analyses were the
USGS 7.5 minute quadrangle maps for Mineral Point (1958) and Potosi (1958,,
Missouri.

Experience data. No recorded history of rainfall, runoff, discharge or pool

elevation data were found for this reservoir and watershed.

Visual observation.

1. Watershed. The watershed is predominantly rural, consisting of forest,
pasture, mined areas, and abandoned tailings ponds now densely overgrown by
mature trees. Within the two tailings ponds upstream of the reservoir, mature
vegetation has obliterated all traces of the original surface. No standing
water was visible in the impoundment area of these tailings ponds at the time
of our inspection. Even on the tailings embankments, plant growth has
advanced to such a degree as to make passage difficult.

2. Reservoir. Floyd Lake is a small, shallow lake located near the
downstream toe of two old tailings dams. The surface area of the lake is

approximately 3 percent of the total drainage area of about 0.37 miz.

3. Spillway. The existing spillway is located at the northeast corner of the

dam embankment (right abutment). The discharge channel follows the natural
hillside for a short distance before sloping down towards the toe of the dam.
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4. Seepage. The magnitude of seepage through Floyd Lake Dam is not
hydrologically significant to the overtopping potential.

Overtopping potential. A primary consideration in the evaluation of Floyd
Lake Dam is the assessment of the potential for overtopping and possible
consequent failure by erosion of the embankment. The events considered are
the 50 and 100 percent of Probable Maximum Flood (PMF) and the 1 and
10 percent probability-of-occurrence events. The PMF is defined as the flood
event that may be expected to occur from the most severe combination of

critical meteorologic and hydrologic conditions that are reasonably possible in

the area.

To account for the influence of the two old tailings ponds within the Floyd

Lake watershed, two assumptions were made:

1. For the 1 and 10 percent probability-of-occurrence events, the two
tailings ponds were assumed to hold the total runoff from their respective
drainage areas (60 and 20 acres). Therefore, the effective contributing

drainage area for Floyd Lake Dam was reduced by 80 acres.

2. For the 50 and 100 percent PMF events, the tailings ponds were assumed
to be filled with runoff from the antecedent storm and were assumed to
respond to the storms as impervious surfaces. These assumptions are based on
the rather large pond surface to drainage area ratios of the two tailings

impoundments,

The flow which can pass safely through the existing spillway without over-
topping the main body of the dam embankment is on the order of 100 113 [sec,
which is equivalent to the maximum outflow from a flood of about 5 percent
of the PMF. It was also determined that the dam would be overtopped by the
10 percent probability-of-occurrence event, Overtopping of the dam would
cause substantial risk of erosion both in the existing spillway area (particularly
the low roadway fills composed of chat) and on the dam embankment. The
indication of the comparatively large likelihood of overtopping is a
consequence of the low capacity of the existing spillway and the small storage
capacity of Floyd Lake Dam reservoir,

Pl
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A more detailed hydrologic analysis of Floyd Lake Dam should be performed.
This study should evaluate the options of increasing the capacity of the
existing spillway and discharge channel, as well as re-opening of the
apparently abandoned auxiliary spillway and discharge channel at the left
abutment (west end) of the dam. The recommended hydrologic analysis should
also include an evaluation of the potential for overtopping and subsequent
failure of the abandoned tailings ponds upstream of Floyd Lake Dam.

For the existing conditions, the following data were computed for the various

flood events:

Maximum Maximum %i’tdfrg‘:vm Duration of
Percent Reservoir Depth 3 ! Overtopping,
PMF Elevation, ft Over Dam, ft ft”/sec hrs
5 908.3 0.0 100 0.0
50 909.5 1.2 1700 6.8
100 909.9 1.6 3400 12.1
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SECTION 6
STRUCTURAL STABILITY

Evaluation of Structural] Stability

Visual observations. The visual inspection of Floyd Lake Dam indicates the

dam is in generally poor condition. Also, because of the dense vegetation
which obscured most of the dam, a judgment on the structural stability of the
dam can only be made with comparatively limited observations and a low level

of confidence.

There was no observed evidence of sinkholes or significant cracking of the dam
or in the area beyond the toe of the dam. A narrow (1/8-in.) linear crack was
noted extending 35 ft along the downstream edge of the dam crest. The crack
was shallow (a few inches) and is probably due to minor non-uniform settling or
shrinkage. The alignment of the dam crest can best be seen in Photo 5. The
irregular alignment is probably not due to lateral shifting but rather due to the

way the dam was originally constructed.

No animal burrows were seen on the dam but much of the downstream face
was obscured by heavy vegetation. Adjacent grass fields did contain numerous
small-diameter burrows.

Seepage and swampy ground was noted along much of the toe of the dam. At
the confluence of the two small streamlets near the maximum section of the
dam, the total flow at the time of our inspection amounted to approximately

5 gal/min. This included flow from a spring found at the eastern end of the
dam. The seepage did not appear to be carrying any soil particles at the time
of our inspection, but a more detailed check on the turbidity of the seepage
should be undertaken after the dam face is made more visible,
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The spillway is cumpos21 of silty, sandy gravel and is moderately erodible
where it is not covered with grass, If the spillway was to erode moderately
during a period of high flow, that action alone would apparently not jeopardize
the dam due to the existing spil'w2y location away from the main
embankment.

The discharge channel is heavily obstructed with trees. In some places the
channel has been eroded to bedrock. Further erosion can therefore only take
place laterally and may endanger the toe of the dam, particularly if the

discharge channel is further obstructed by any fallen trees,

Design and construction data. No design or construction records were avail-

able for this dam. All design and construction information was obtained from
Mr Dall Groves and Mr Floyd. The information is presented in Sections 1.2.g.
and 3.1.b. of this report.

Seepage and stability analyses comparable to the requirements of the
"Recommended Guidelines for Safety Inspection of Dams" were not available,
This is a deficiency which should be corrected to meet the recommended

guidelines.

Operating records. No operating records or water level records are maintained

at this facility.

Post construction changes. Following construction of the earth dam in 1946,

gravel-size tailings or chat were placed on the dam crest and dumped on

the downstream face, This chat apparently forms only a thin veneer over the

embankment.

The spillway at the west end of the dam has been filled-in to the elevation of
the remainder of the dam crest (date unknown). Overflow is now restricted to

the spillway at the east end of the embankment (right abutment),

The vegetation present on both the upstream and downstream faces has
become established since mining operations were terminated in 1957,
According to Mr Groves, the slopes were maintained clear of vegetation during
the mining operations.
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(« No other post-construction changes were identified during the visual
inspection.

e.  Seismic stability. The dam is in Seismic Zone 2 to which the guidelines assign
a moderate damage potential. During a seismic event, liquefaction of the
reportedly gravelly clay dam material is unlikely. However, without know-
ledge of the soil properties of the embankment materials, the seismic stability
of the dam cannot be evaluated,
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SECTION 7
ASSESSMENT/REMEDIAL MEASURES

Dam Assessment

a.  Safety. Based on the visual inspection, the dam appears to be in a generally
poor condition. Seriously inadequate spillway capacity, potential for erosion in
the discharge channel at the toe of the dam, and the amount of vegetation on
the embankment slopes are the main reasons for this judgement. Seepage and
stability analyses comparable to the requirements of the "Recommended
Guidelines for Safety Inspection of Dams" are not on record, which is
considered a deficiency.

The hydrologic analysis indicates that the dam will pass only five percent of
the PMF without overtopping. Due to the proximity of the town of Old Mines
(approximately 2 mi downstream), 100 percent of the PMF is recommended as
an appropriate spillway design flood for this facility.

b. Adequacy of information. The visual inspection provided sufficient information

to support the recommendations presented in this Phase I investigation. The
lack of stability and seepage analyses, as recommended in the guidelines,
precludes an evaluation of the static and seismic stability of the dam. This is
a deficiency which should be corrected. These analyses should be conducted
by an engineer experienced in the design and construction of earth dams.

¢.  Urgency. The deficiencies described in this report could affect the safety of
the dam. The remedial measures concerning the spillway capacity, which
should be analyzed and implemented immediately, are identified in
Section 7.2b. The remaining recommendations shoula be addressed without
undue delay.

d. Necessity for Phase I. In accordance with the "Recommended Guidelines for

Safety Inspection of Dams", the subject investigation was a minimum study.
This study revealed that additional in-depth investigations are needed to
complete the assessment of the safety of the dam. Those investigations which
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should be performed immediately are described in Section 7.2b. It is our
understanding from discussions with the SLD that any additional investigations
are the responsibility of the owner,

7.2 Remedial Measures 3

a.  Alternatives, There are several general options which may be considered to
reduce the possibility of dam failure or to diminish the harmful consequences
of such a failure, Some of these options are:

L. Remove the dam or breach it to prevent storage of water.

PA Increase the height of dam and/or spillway size to pass the Probable
Maximum Flood without overtopping the dam.

3. Purchase downstream land that would be adversely impacted by dam
failure and restrict human occupancy.

b4, Provide a highly reliable flood warning system (generally does not
prevent damage but decreases chances of loss of life),

b.  Recommendations, Based on our inspection of Floyd Lake Dam, it is

recommended that the following topic be evaluated immediately: 4

1. Prepare a more detailed hydrologic analysis, and design spillway and
discharge channel systems capable of passing the PMF without overtopping the

embankment, This could include repair of blocked spillway culverts and
reopening the spillway at the west end of the dam,

Further recommendations which should be addressed without undue delay are
the following:

2.  Investigate the feasibility of the relocation of the downstream discharge
channel away from the toe of the dam and/or provide an erosion control
system for the spillway and downstream discharge channel.
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3. Remove the trees and other detrimental vegetation from the dam
embankment and the downstream discharge channel. Removal of large trees
should only be done under the guidance of an engineer experienced in the design and
construction of dams. Indiscriminate clearing could jeopardize the safety of
the dam.

4, Perform seepage and stability analyses in accordance with the
recommended guidelines.

All remedial measures should be evaluated and performed under the guidance
of an engineer experienced in the design and construction of dams.

O & M procedures. As there are no operable facilities per se, it is recom-

mended that a program of periodic inspections be developed and implemented.
This inspection program should include but not be limited to:

1. Evaluation of erosion in the spillway and discharge channel;

2. Inspection of the embankment for signs of slope instability such as
cracking or slumping;

3. Monitoring seepage to identify changes in seepage volume or turbidity
(soil) in the seepage water.

The result of the inspection program should be to identify necessary
maintenance, including maintaining discharge channels and the dam slopes free
of trees and bushes. Records of the inspections and maintenance should be
kept.

All inspections and maintenance should be performed under the guidance of an
engineer experienced in the design and construction of earth dams.

1
.
B

Ced 2




24
REFERENCES

Allgood, Ferris P., and Persinger, Ivan, D., 1979, "Missouri General Soil Map and Soil
Association Descriptions,” US Department of Agriculture, Soil Conservation Service
and Missouri Agricultural Experiment Station.

Department of the Army, Office of the Chief of Engineers, 1977, EC 1110-2-188,
"National Program of Inspection of Non-Federal Dams".

Department of the Army, Office of the Chief of Engineers, 1979, ER 1110-2-106,
"National Program of Inspection of Non-Federal Dams".

Hydrologic En?ineering Center, US Army Corps of Engineers, 1978, "Flood Hydrograph
Package (HEC-1) Users Manual for Dam Safety Investigations".

McCracken, Mary H., 1971, Structural Features Map of Missouri: Missouri Geological
Survey, Scale 1:500,000.

Missouri Geological Survey, 1979, Geologic Map of Missouri: Missouri Geological Survey,
Scale 1:500,000.

St Louis District, US Army Corps of Engineers, 1979, "Hydrologic/Hydraulic Standards,
Phase I Safety Inspection of Non-Federaf Dams”.

US Department of Commerce, US Weather Bureau, 1956, "Seasonal Variation of the
Probable Maximum Precipitation East of the 105th Meridian for Areas from 10 to
1,000 Square Miles and Durations of 6, 12, 24 and 48 Hours," Hydrometeorological
Report No. 33.

US Soil Conservation Service, 1971, "National Engineering Handbook," Section &,
Hydrology, 1971,




o 4 4
Scale, milkes
Legend
——-— County Line
A5 o
=~ Rwer orCreek

C O Ciyor Town
* Project focation

|

N

WASHINGTOW COUNTY

ST FRANCO/S COUNTY

SITE LOCATION MAP

FLOYD LAKE DAM

MO 30744

.

L e,




(.

/. Toqgrophy Form (SGS
Potesr and Mimearel/ Roin?t
7% minufe guactongla
mapy.

f%}% .

;
L

DRAINAGE BASIN AND

SITE TOPOGRAPHY

FLOYD LAKE DAM

MO 30744

Fig. 2

me‘mﬂﬂi‘q. seew

O b3 £k 53




/

N
o /00 200 t
= _——————— :
Scale, PP
f:*:, o 290 Sto. 2+93
rd o 7., E/ 9085
El 9/04 — )
- \Sfa 4+ OS5
E/ 908 & ggz;(
—
PLAN OF LA
- Jrregul/ar - {
chatl %d;as‘ <
US T - - [‘“ T Fo ﬂg* - A v Y : ’47
098 ””m .
~ Worer
~J ‘e 9053 ~
g 905 e q‘{ 25
2 - $
& 2 -
; "~ ¢
895 - S s
+ . Heavy E ~
g | ,\ Wgcﬁﬁcrn g =
N | &884 [
g 885 | l gy 90s
-20 -/0 o 10 20 Jo 40 S0 G0 lor+
Horizontae/ Distarnce, £+
SECTION A-A
Ma x1rmums Sectron
—
r e T —
9 |
= |
kt: Priec | =M™ 9+8a {
. Frove/ ¢ Ry y
¢ 9/0 +
0 :
NS
o F06.8 12 7
i | [ ODrain FPipes
W 900 Y T T
o 10 20 30 <0 So Go 7o &80 T o oo /

1Brizmxtes | Distence,

| SECT/ION C-C
} Dvscharge Channe/




Drscha (]
, Cho:ﬂyne/

Org 8+46
Sto S5+50 |

>Stn. 9282
w £/ 06.8

Sra. 94+52
— 4 o E/ 908 5 8
. Ste /10+38 :

PLAN OF DAM ste, 410

St /12+5/
| Encl of carn,
E1.9099
—_ §<725
i o
¢
- - NZL=)
Heavy 9 lod
Wege i, ‘5 GF,: rave/ g lac y
\ ‘ doe. 3 rave
— q 905 Y
- GO 10110 [OFtSO (0460 [0FTO [01@O  [O4F0 /400 11+1O

sSYfaoaytions, 4

SECT/ION B-8
Spillwqy Secton

(R 4G 535 b ot et




e e e R

Fﬂ

10

‘!U‘AJ’

Mineral!
om(
prifftqwn

20

Scale,

mile

Legend

Roubidoux Formation

Gasconade Dolomite
Gunter Sandstone Member

Eminence Dolomite

Potosi Dolomite

Derby-Doerun Dolomite

Davis Formation

Bonneterre Formation
Whetstone Creek Member
Sullivan Siltstone Member

Reagan Sandstone
{subsurface, western Missouri}

Lamotte Sandstone

Diabase (dikes and sills)

St. Francois Mountains Intrusive Suite

St. Francois Mountains Volcanic Supergroup

REGIONAL

GEOLOGIC

MAP

FLOYD LAKE DAM

MO 30744

Fig. 4

o e S
+




APPENDIX A
Photographs

!

E

DR AT IR DI birs ¥ Lt B0 DN il AN S #1849 04 s
, o ) .




/Holo 3(aerial of downstréam

hazard one)
Bad a <
oma% //}u'a 5 (aeriol)

Aer, spongy area
o (suspecled seepage
s %'//"o,/’s:‘ > slpoe)
Aean, x 5? N
Vogetated Y //‘;"

s/ppes

N
%///////4 5% Confluence of

s of chot an wastroam—t Cob o AN 5 Se0age
o cbansiroam oesof 9//////"0,

._.\

ot 0 7
_ AhotoZ X '9// ‘./,, .

Ceservon %
RS

: ¢/ !
B ,%//4 / Aiolo I/
Aol 4O ot 7
\ % 'a ,//, ,//ﬁ :, Exposed Bedbock
Ahoto 1, aeria) of i W
Casarvpir and yostream 'V g of
Tarlings ponds s ?, "’/ > Soring
Avtoro || & Bullrock
Sy/llway and assorted /‘ (R
Ppes wcky tézm_o’_. \m 2in Ldlderls
Aolo? Pholo 8
Legend:
—=— Drscharge Channel
N —=

PHOTO LOCATION

o :
Seote, ?{ SKETCH

FLOYD LAKE DAM

MO 30744 Fig. A-1

o
4
s
*
bk
2
A
"

5

JURTRTIR CX TR RV




1.  Aerijal view of reservoir indicating the location of the
two abandoned tailings ponds; looking southeast.

2. View of tailings pond dam upstream of reservoir; looking

south.
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3.

4.

Downstream hazards. Dam is out of picture to the right.

Road along the dam crest. Note the alignment of the road
and low ridge of chat on the upstream face of the dam;

looking west.
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Aerial view of dam indicating crest alignment. .Note the
two abandoned tailings ponds on the right; looking east.

Small crack on downstream side of the roadway along the
dam crest; 1looking east.
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7.

Seepage along the toe of the dam.

Reservoir level regulation culverts viewed at the
discharge end; looking southwest.
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9. Spillway with road crossing over the crest; looking ’
northeast.
g

+

4

10. Entrance to two, 12 in. culverts; looking northeast.
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11.

View of downstream channel; looking upstream (east).
Note the channel erosion to shallow bedrock and the
type of vegetation.
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APPENDIX B
Hydraulic/Hydrologic Data and Analyses

B.l Procedures

a.  General. The hydraulic/hydrologic analyses were performed using the "HEC-1,
Dam Safety Version (1 Apr 80)" computer program. The inflow hydrographs
were developed for various precipitation events by applying them to a
synthetic unit hydrograph. The inflow hydrographs were subsequently routed
through the reservoir and appurtenant structures by the modified Puls
reservoir routing option.

-t N .
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b. Precipitation events. The Probable Maximum Precipitation (PMP) and the 1
and 10 percent probability-of-occurrence events were used in the analyses. %
The total rainfall and corresponding distributions for the 1 and 10 percent :
probability events were provided by the St. Louis District, Corps of Engineers.
The Probable Maximum Precipitation was determined from regional curves

prepa)lred by the US Weather Bureau (Hydrometeorological Report Number 33,
1956).

c.  Unit hydrograph. The Soil Conservation Services (SCS) Dimensionless Unit
Hydrograph method (National Engineering Handbook, Section 4, Hydrology,
1971) was used in the analysis. This method was selectedz because of its
simplicity, applicability to drainage areas less than 10 mi®, and its easy
availability within the HEC-1 computer program.

The watershed lag time was computed using the SCS "curve number method"
by an empirical relationship as follows:

0.8, \0.7
o AT (sel) (Equation 15-4)

1900 YO.S
where: L = lagin hours
2 = hydraulic length of the watershed in feet
s = 1000 - 10 where CN = hydrologic soil curve number
CN
Y = average watershed land slope in percent

, This empirical relationship accounts for the soil cover, average watershed
i slope and hydraulic length.

i With the lag time thus computed, another empirical relationship is used to
: compute the time of concentration as follows:

T =1 (Equation 15-3)
¢ s
where: T c time of concentration in hours
AR s ——
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L = lag in hours.

Subsequent to the computation of the time of concentration, the unit
hydrograph duration was estimated utilizing the following relationship:

AD = 0.133Tc (Equation 16-12)
where: AD = duration of unit excess rainfall
T c ° time of concentration in hours.

The final interval was selected to provide at least three discharge ordinates
prior to the peak discharge ordinate of the unit hydrograph. For this dam, a
time interval of 5 minutes was used.

d. Infiltration losses. The infiltration losses were computed by the HEC-I
computer program internally using the SCS curve number method. The curve
numbers were established taking into consideration the variables of: (a)
antecedent moisture condition, %b) hydrologic soil group classification, (c)
degree of development, (d) vegetative cover and (e) present land usage in the
watershed.

Antecedent moisture condition IIl (AMC III) was used for the PMF events
and AMC II was used for the 1 and 10 percent probability events, in
accordance with the guidelines. The remaining variables are defined in the
SCS procedure and judgements in their selection were made on the basis of
visual field inspection.

e. Starting elevations. Reservoir starting water surface elevations for this dam
were set as follows:

(1) 1 and 10 percent probability events - spillway crest elevation
(2) Probable Maximum Storm - spillway crest elevation

Because the low level outlet pipes are of small diameter, it was assumed
they were either blocked or inoperable and did not pass any amount of
the flood.

f. Spillway Rating Curve. The HEC-2 computer program was used to compute
the spillway rating curve using discharge channel cross sections and con-
veyance characteristics.

Pertinent Data

a. Drai area. 0.39 mi2 for PMF events (0.26 miz

ty-of-occurrence events; see Section 5).

for 1 and 10 percent

b. $Storm durstion. A unit hydrograph was developed by the SCS method option of
HEC-T program. The design storm of 24 hours duration was divided into
3 m 1te intervals in order to develop the inflow hydrograph.
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Lag time. 0.37 hrs
Hydrologic soil group. C

SCS curve numbers.

1. For PMF- AMC III - Curve Number 89
2, For 1 and 10 percent probability-of-occurrence events AMC II - Curve
Number 76

Storage. Elevation-area data were developed by planimetering areas at
various elevation contours on the USGS Potosi 7.5 minute quadrangle map.
The data were entered on the $A and $E cards so that the HEC-1 program
could compute storage volumes.

Outflow over dam crest. As the profile of the dam crest is irregular, flow
over the crest was computed according to the "Flow Over Non-Level Dam
Crest" supplement to the HEC-1 User's Manual. The crest length-elevation
data and hydraulic constants were entered on the $D, 3L, and $V cards.

Qutflow capacity. The spillway rating curve was developed from the cross-
section data of the spillway and the downstream channel, using the HEC-2
back water program. The results of the above were entered on the Y-4 and
Y -5 cards of the HEC-1 program.

Reservoir elevations. For the 50 and 100 percent of the PMF events, the
starting reservoir elevation was 906.3 ft, the spillway crest elevation. For the
1 and 10 percent probability-of-occurrence events, the starting reservoir
elevation was 906.3 ft, the spillway crest elevation.

B.3 Results

The results of the analyses as well as the input values to the HEC-1 program follow
in this Appendix. Only the results summaries are included, not the intermediate
output. Complete copies of the HEC-1 output are available in the project files.

PRSI rasorome o o | - e -

v ot MG 0 R g 5y Y




S S s R —— - ———— e — - - - -
. e e ¢ ,
4
Y ? B N I
: ' ’ o -t . TS NIIPOr S 5 . A g A -
- ’
. -.
e - s m @ amem v —— - S - —_— - — — - —— v+ e ———— - — 4 Ty
0 -.
o [ |
s T e
(5]
B . b
ol o
LA XO e
] .m ') [ |
| a 2 T , [ ]
& ..
5228 . shd
M. “ 10.. o e e e e e e+ eeen e e e s . r - PR I i
SSEER '
®
[ §
— . - y [ ]
Ve e
R e PRSI AR
T Ho
1h
- rree ]l -
: . : 66 - » Y 2 4 e Py
. $*0l6  *0lb 6%*606 °*6U6 6°806 £°906 As o 92 - (]
- SRRSO VT NP 1 (7Y SR 7' SN 7YY SN Y Y W71 L ST . WP T ST e : =y
6°t a2 €°806 Qs v2 ] °
: £°966 38 €2 ]
*216 *0le £*804 s an LYY 1 . -
€°9 i} (1] *9 *0 | 1 TR t 2R "0
*000s  *000¢ “000t  *00% 002 *001 *06 *02 *01 *0 A - KN
—4°276 —-4°1316-—1°016—6°606-—8°806—£°806 6220 9-4.0¢ *40 99 A al
1= £°906- 1 1 ¥ ot le
1 1 A '} .
- LX LY R BT, 03 a0 -
1 Wvao 1 % (1§ 1 Y
. 1 s0°- 1- X S & N
- N 2£°0. 2 ihmaiti el £ B }
s21°0 b4~ 1- 't MY 4 | ] OM
o€l 021 201 *92 0 é 1t ]
— 0%l 680 r A 1 M. ; ———— p— ‘ .
*S00074 OLLVY 3Wd *NOILVINGNOD ROTINI VA 3NV QACTI4 ¥ SR e Py
1 : Ni=-0 1] ' | B ® L. :
[ — e 00°1 K oL PR YK ¥ ) —— i Sl T :
1 . 1 r ° .
s e . n._.
O O~ O~ O~ O~ O~ o= 'y 0 $8.2 - —
*SNOIANIINT INNSSY N3NA=TTINI AGVIYIY QINNSSY SONOd SONIIVIVL *SISATUYNY Jud 3 2N . e Q”.
*600HI6L GOF NOLISNOW *SINVLINSNDD 3I0ATI-CBYAGOOM 2v : 2
213005 S IN-_SALNNDI- NOAONINEEA 23UYT OA0I4 o 80406 —20N-H1G 1) : m
0000090000000 00000000¢000000000 t !
' 00 ¥4V 10 NOBAVITIIIOBN ASVY. - |
8261 AP NOISB3IA ALIIVS WV
(1=23H) FIVNIVY HaV¥IIUTCAN GOBTYY S
v 000900800808 0000800000000 00000000 ~
) %
7 : -
o \ 4
~ gt




T ' : T AT e 1 e LR R Y e v ! T BV T T .,
:

———— s - €1 °o- 00°68~ 0O0°l~ - 0O°1 ——- 0~ — - *0m B0} — 0= 2]
[LIYY ] XNSTY TASND Tauds NOliY Snyls NIVY 3 0Ly ¥IL3 WNULS 140¥7
Viva SSO0

o= *0- *0- 00°0ET 00°021 00°201 00°92 3 B NS
LTY 2y T3] v2y 21 9u SHo 3448 S
S e meee R Y [ B2 T T 23 Actiiasit ool

0- o~ o- *0- 00°1 6c* *0- ot* 2 1
VI INES S NONS I —— G BANN—— DS UL~V _—
ViV Hdvdd0uOAM ) RS

e e Qe Qe a1 0= e O - e O e e @ e e Wm0 et LK
aiLnvi 39vis] 3WUN] Ludf 174f 3dvrl N02J31 an0d1 ovasl

L

2200074 010V 8

NOLivANGHOD $40NNY YIBV-8NS

L el at

(I R T L8]] (22 X 12271 590005008

00 ¢000 008

e 9000000

00°l  ¢z° 0s° (Y44 =SQIL Y R A o
e e . — 1 O TLBTY. 6. a0 ABMN L =N TN et it Atk 250 el s
G3Me03u3d 36 0L SISATVNY NV W-1LT0W

0= 0= o= 1S ' .

3ovul 14047 inN ¥3d0¢ : .

) ——f e e D" O — [ -Q=._ O O L 0 482 -

NVASN L3¢l Ael Jvi3W Niwl whl AVQ1L N1kn UnN OoN
NO1ivJ131234S 8Of

*SN0lAN3éWT 3wNSSY NIHLI=-IWNG AQYVIAIY OINNSSY SONDJ SONITLIVL .wawr4¢:¢ dnd
*600HI6L S0F NOLSNOH *SINVLINSNOD 3CGATIS-~0¥VYAO00A
21 ¥N05SIW--*ALNABD - -NBLD .

Input Dats

Various PMF Events

Floyd Lake Dam

MO ID 30744

B5

!
. 3 - oo % b
Lt - b 1 g
. . $ N
N - o o R ‘
S B B & & & & & 9

- |q
L4
” S aeeTazteiamen il
. o8 -20v 12.33:va waw * 1€
h 0000008000000 0080 09080080000 000 ‘
G8 3dv-10 NGl WII14300M ASWY--__ |
8261 ATINF NOISH3A ALISVS Ve
(1-231) 39¢XIV4 HeVUO0E0AM GRDIY ¢
) 0900690 000090008800Q000000000000
oo e - . R o ittt S 2 tmT v LAWY ST g Y S
N ES
L]8 :
J P o I o e L
ol
ol
S ) b
[} A

Ja e —_——— .- F




S tese

ey

e

e, “3 2 v ve ve ‘o L1V XY X VIS I [ YV S TV R § PL AN I SR ¥ ) 4, X 4 10°1
‘vid 00° ee* ee” 081 06°6T 10°1 61 10°* 10 10 9t 00°€ 10°1
“ots 00°  te*  €E* 621 $s°v1  10°1 w1 10° 10" 10° ¢ «s*2  10°1 ¢
RV N — Y (. LR L EEC L LY . 05wl _ 10l eyl 10°* 16 10° &£ 062 _10°1% S
b 2 1Y ' 1+ [N g ee® el Sv*yl 10°1 *£1 10°* 10° 10° €c Sw*2 10°1 ..‘ e,
@ e £ 00* [ X84 [ 4 9l Ov°y1 10°1 *21 16°* 10° 10°* 2€ 0e*2 10}y .U
2 - "atd .. Q0°* LE* [ g .62l secsl - 10t . *21. - — - 10% . — 00— —Ooiunll'frl[E
m *2iv 0o* (4 €e* vl GE*»1 10°1 *11 10° [(172 10° /1% 0f°*2 10°%
h m cd [+11 2g [X 94 [ 194 €Ll Se¢*»1 10°*1 *o1l 10° 00* 10° 62 $2°2 10°1 f
a - *Zad . 00 & EE°"___. 24%..____O02°%1__10"1 *01 10° .00 10° 82 6222 16°1 y
o \T.. o _/H (X4 ] 00°* ee* [ 4% 121 S1°%1 10°*1 *b 10° co* 10° x4 s1°2 10°t
VDA XO *L3 00° [ g [X 4 ol 01°»1 10°*1 8 10° 00° 10° 92 o1°*2 l0°1. - : ¢
m o L.m @ ——200 e D0%. . EE* . £ 69l __ . G0°%1..10"1 *8 10* 80— L o,
a2 *vid 00° T A Le* 291 00°»1 10°*1 'S 10* 00°* 10° L 24 0°*2 10°1t
.n.—. 4m .W.m “13L 20° 92* ne* L9 $%°Et1 10°1 *¢ 10° ou* 10°* €z $6°1 10* ¢
& O LEYY 00" Q92 2° 991l __ ___0%°E1.-10°1 (-} 106° 006° 16% 22 061 101 —
Tn. Wa H m % “ate 00° 92° I X4 91 | $%°tl 10°1 *9 10°* Go* 10° 1 ¢4 se°*1 {13 SRR
2 ¥ 1 00°* 92 e2* *91 O¥°El 10°1 *9 10° 00° 10° 02 ov*1 10°% Te ¢
—_—aat -00°*. 92 42° €91 . GE°ET 10°} *6c 10— 00°—s-_10°*
*Eid 00° L T ee* 291 0E*el 10°1 ‘% 10°* 00°* 10°* 81 oe*1l 10°1
493 o0°* 92 e2° 191 $2°Etl 10°1 *q 10°* 00°* to* I3 s2°t to°t ol
2253 Y134 UPAd i2° 091 02°£1 _10°1 LT A 102 402 106 Q1 - 021 10°1 - -
*333 00° 92° e2° 661 S1°tl 101 % 10°* 00°* 10° [ 8 (2184 § 10°1 X X
*03%d 00°* 9z ee* 86l 01°¢l1 10°1 *s {0 00°* 10° [ 21 o1°1 10°y - n
uid 00 ___92°* 2" 461 _G0*E£1..-10°1 *e 10> .
*b2d (1 [Z A [2d 9s1 00°€1 10°1 *6 10°* 00°* 10°* 21 Go°1 10°% i
1% 0o* 22" ee* 561 $6°21 10°1 6 10°* 00°* T0° 11 [ 134 10°1t "¢
Su23 00 2e” 22" el . 06°21_..10°1 LY 10* 60" 10° 0l — 06— 302 — "
' M T3 00* [ X4 [ 25 [ X733 sv*21 10°1 *s 10° 00 10° [ 3 [T Ad 16*t ) N : ”
“Lae vo* 1 4d 22° 261t ov*21 10°1 ‘y 10°* 60* 10 4 ('] A 10°1 - t
*ola 0o* e2° 22" 16— 621101 . h
*eIv 00° [ 424 2z osl og*21 tlo-°1l 1 10° 006°* 10°* 9 [] g 16°t
*1d (12 2z* 22" ool 6221 10°1 hd 3 10° e0* 10°* [ [T 44 10°1 —
it 10° 22° @2 el 0zZ*zZ1 110"} .2 10°* 00°* 10° v 02°* 30°t
*IN 10°* 22° 22z° eyl 6121 1l10°1 ‘1 10° 0o* 10°* € [ 5 10°1
°sl2 10° L2 2 " 98l 0121 10°1 *1 16° 00°* 10° 4 ot 10°1 (
463 }0° 12° 22° [X 33 $0°21 10°1 ‘0 10° 00° 10° 1 €0°. . 1%}
U 0 ¢d03 $S07 $2x3 (38 2] G0lu3d NN°3H VO"OW b dw0d $S07 $Ix3 NIvy G0l¥3d NN°WH V0°OM :
) ROl4d g-'Hl—'Ln~'ev p
- g Rt T r~3 "
- P A
- K " .2 [£3 C gy -
¥ o *% *9 *h L3S SRS Y'S 1 *e2 (Y94 LIS PRkl nain® T
.” *y21 *eel *eve *ovt *12v "L6y M T4 *e0€ M1 ey
"_ 06*1 =70A ¢£* =9¥7 *SunoM 0~ =31 *S3LYNIGN0 QGOI¥3d 30 ON3 92 HeV¥I0UCAN LINM
-
. 00°% =3011¥ L4/ 2] =NSJu0 00°1~ L 7Y 7%
- " viv¥3 NOESS3IOIM )
po
- e =9y ‘0= =Ji
." Viva HdV¥L080AH LINN
b 0068 = NJ 123433 00°1- = SSIAINLIN 00°08— = ON JaAAND
| . .
h.llll..l»'l.ll IIIII ——————. - &1* *0~ . 00%°6~. 0LO°1~ .. 0GO°Y --- 0" o 00— —* 2Qm
- dnlLr e XWSIV TASND Jauis wOliv Sxnais Nlvye3 RUIRE ] ¥ NELS 14087
.\n vivo SSO7
R *0- ‘0~ *0- 00°0E1 00°021 00°201 00°92 0 RN
~ u L 1Y ] 2Ly L2} 928 21y 9 SHd 33dS
b Viv0 d1d3ad e e
o (1= (= ‘- L XA, neey g s R > \ {




T e A l

B N x oo - . . om. ,(#W.:S.w...u_,d,.i:. R ’ e . O TP I 8, A el WA -
1 < . Mm. Mm. Mn~ §0°02 10°1 ‘1 10° “0* 10% - 06 40630 )
Sed 00* «w* 20°* .:M mo.o~ L%, Lot lo® 0° Lot 1) ©vo°s  10°1
— 43 00  26°  20°  8ee veeel toet s lor  e0% 0% e e 1001 o
2] 00G* [4{ "% <0 iee fo?u —Oon ‘ -90.— - -0 0% ———40°% —— w0 062 10°13
N 00°  20°  20°  9¢e ol 1091 e b L S L 1 e 10°1
|I|l m 3 00* 20° 20° ot P . oa-O.— 10° s0° 0" 26 U e 10°1 ~
! 5 I 00° <«0* 20° ve2 el o ’ *91 - - T0° 600 . D% 1Rt 10—
o @ .2 . . . 0t*el 10°1 *291 10° 90* 00 o6 . .
> t 00 2o 20 €62 s2°61 10°1 . o€z 10°1
= m o - trbo-—— 00T 0t 20t 262 G2*el-10°1 et Toe bl el bk $2°¢  10°1 q{~
-3t 00° . - .l o . . [0~ 40" Y- 024 10212
h M.m m e o0- o+ - ocz Stret 1001 ca o7 s0r 407 48 s1°%2  t0°v
dal3” 7 .mw == -0l 20" 20° 628 - - S0°6T-.10°T —— 6ol “n. Nw. “w” 8 01°¢ to0°1 .
1) 0o 20° 20° 92 . . . — T ——— 0 R 0% 10 Y]
3 . z 00*s1  10°1 . . .
E2RA o 90°  20°  20° 222 ' ss*s1 10°1 o1 o co-  cor  te oot 101 B
— il 00" _2u%% __20°". 92 . . $%°9  10°1
- O ——92¢ ——06°¥1 1021 *Q¢l 10 La° 20
g o *3a . . . . . s 28 LT B T A——
o AEEER *232 “w. z0° Mn. ww~ A 621 10° c0*  ¢0° 19 sv*0 -10°1. .. . [
+— — 00 . .20 —. 20 . C2s seeet “”.M ”wmu = 6o°  l0° 08 oves  t0°T- . -7
‘ *5Et . . o T . Taner 106 <o~ V¥, LSS ¥ SR X 4 (X DO i
: ssst “u. Mn. 20° 222 0L*e1  10°1 *96 20° 50° e0° 8L 0E*9  T0°1
* *3ie 50° . 2o 122 52°81 10°1 *6e 20° %0°* 6° (23
: Yoy - -WND b. n:. 20 022 0281101 229 >0 cns S ne 9s
° ...z.w nu. Mn. ww” MNM s1oe1 1071 o 20° 0* 40 &z
t ’ o1*st 101 73 . . . ‘
J n“Z. nwnallkcnlo”illzrlswfﬁu nonlllllme. o p e
cane ooe “M. NM. M”M 0681 10°% 92 00° 10° To* o 00°%  10°1 L]
*»iat 00°  w2*  w2* w12 selel 1071 ce2 00* 10 l0° WL ss*e  10°1 - "
it 00 ® Ve ver t1e om.z 3.— *82 00* 10°* T0°* ot 05  10°%t ———
ote 00* oo vee ey wO-h.— .—Oou *ee 06° 10* 10° 69 v *e 10°1
et 00° 92 vz* 1z OO'N# —OO.— *:2 16° 10° 10° 89 PreYy 10°1 0
' *6i3 00°  %2*  ¥2* 0l NM.M“ un.”. et 1o .16t 1ot 43 o€ 10°1 -
*2.3 00° v2* v2°* 802 czeil 10°t -MM —OH .~O” 10°* 99 0€°¢ 10°1
*edl 0o* 2 2° 802 02°2)  10°1 *92 “.w. Law. Hw” 4 yzle 1001 C
) - e N - . ~ ™ -
4 v”M” ”“o "Mn "M. ”“M 0ﬂ-h~ ﬂcuﬂ *92 10* 10° ‘10 €9 <16 " 10°T
r SLLS . 0Dt 2% . %2°.__ 602 Coee1. 1041 —es Jo, oo 1o % ol*s  To°t %
L 1Y 00 . « T 10° 10° 19 nee -
! R on. ”M. ”m. mww MM.J 10°1 t62 10° 10° 10° 09 . 00°6 10°1
: *2221 uo* e 16°__ 2 L1 1o 4 10° 10°  10° 6§ sS*y  10°1 (o)
; *63t1 00"  1&°  1ee S e w4 1pe 10 10° __ a¢ DLte__ 101
J *otll 00° e L w”w $9°91 10°1 (1% 10° Yo°* 10 m PP TR e
o 3121 00 1ee e ceocu 10°1 . cy2 10°* 10° 10° 9 ovy ﬁb!n.\ o
o *aiel ecrlllll.ﬂ-vtnl'n..—ﬂ.,\l’lﬁor'| 0”00#..!ﬂ°”ﬂlil *c2 10* 16.° 10 <C I+ S-S
u LTS Y 00° 1€ 1ee M”” OHOO— dO'ﬂ *te 10° 10° 10° o5 GESY lPﬂofd
R O U S B S S I N B S °
: “1ei2 . . . . : . ) 0 100 24 . .
: *9252 vor - “M. vel G1oa1 10+1 & e 1ot 100 16 1%  10°%- .+
y *yab2 wo* e e o 12 l0° 10° lo* 0% ot*s T0°1 o]
. v TR E6L_— . 60°9T. _10°1.._ . __*12_._ __ 10°—— _1¢* .
q *232¢ 00" oy 0% Z61 00°91 . . 0% — 10°—.—10°___se . .
y *8I0E 00°  G¥* 0% Tel tevetr 1001 “os tes1em 107 e 00°y  10°1
o *2326 00" 09°. __ U9 ___Obl oocel “Oow OMW “Mc ”Mo 10°* iy [XALH 10°t o
< %8 . . . ot - o N < > 10° Qe L hJ
; .NLM uw. ._JJ x_ n"” 69°61 10°1 o1 10° 10° 10° <y ¥t T0°1
[ *3961 . - ov°el  10°1 *61 16°* 10 10°* (1% oyt 10°1
. T 10 182 282 91 sE*el 10°1 ... SkY. . . YLy S :
] *»21 10° wet 1wt 9un . . Tow — 700 —10% 10— £v_. . GE* o° :
] tvedld 00 0Lt et sel Mw.ﬂ “w“ 1 o0 en 1en oL e to°t
’ : : : . 10° 10° Te* 2 .
: cvth ORI (O steel 10%1 9 6 1 100 et st*c ot
b - - *lds 00° 0e* vee 14l Cheey ol o9 10° T0° 15 14 o1°s  10°1 o
| ris o0 ki tir  om coeer 1oa1 Lol 100 100 T6C . 26 . GAE 3D
“bts 00" 1t eet el Gaeel 10°1 . tesror 107 ec 00°€  To°1
. . . * 10° 16 . .z »
- tes 0o L fee wel 06%w1 101 oo 10+ o L ¢ stz ey
rd : N :
——
Nowwr




LA TRTREY oy a v TR HIPIN G SRR P e e —oapr o oottt
*1c8 *1e8 *1¢e8 *499 K N) SNOMHL
e WL _____.*%lY . *WL9 .. __.._"bES _1d=3%
tye2y €v°c28 926 20°959 - T
vt 292t 2v*2¢ 1662 S AIHINY
- C - - S T Y ¥ S UV 4 ) SRERE £ 1) SE - § AN ST—— Y ¥ { SuS
*8%4L b *0vE 1114 *9%01 *H0VE $4)
MNI0A IVI0L  ¥N0H=-2¢  BNDH-92  BNOH-9 »wid 1
3 19 1LLT M°2E  M1°L28 JU°0%0 ) A
g *pI026  92°L 962 08°€E MNS .
> B8 - —_ e e ——— e e e s - — e N VP
mey *sd 00°*  20°  20° 882 ‘0 20°1 *o6l 00*  90°  20° 81 00°21 10°1 A
~ %) 00" 20° 20* 82 &6tz 10°1 b -1'2 00°* 9" 40° [ 4 23 11 10°1
s m ‘u 2 Cad 00~ 20% 20" 982 0s*£210°1 581 0o S0 20" 20l i
m [} .M _ ‘e oo°* 20°* 20 (.74 cv°e2 10°1 *681 00* 90° 40* st AR SV IL T0°% -
5 h°Y ) 00°* 20°* 20°* 02 0%*€2 106°% “b8l 00* L0* ost . 0*11 “10°1 "
& Jm .W..m LT ¥ 00°* 20 20° £82 o c2-—-10"1 *501 00" RG e - - . v,
W. O b2 X 8 o0* 20°* 20°* 8¢ 0E*e2 10°1 *581 00°* Q0* 20° wel 0€£°11 10°1
- .m .Vu H m M 00° 20° 20° 142 g2*g2 10°1 *o6l 00° 90° L0° LEl ¢2°11 10°1 j
00°* 20° 20° oee 02°e2 10*1 ‘841 00* S0* 46° 9¢el 02°11 10°%
-~ 00°* 20°* 20° [YY4 s1*e2 10°*1 "6l 0G* 9%°* L0° SET s1°11 16°1% . q
00°* 20°* 20° 82 Gl°cz 10°1 ‘o6l 00°* 90° 10° [ 143 ot*11, 10°1
- 00 é0° 20° oYs s0*e2 10°1 *861 .00 90 . 40°. . EEL. .. 60°331.-.10°% C e s - .
- po* 20*° 20°* 922 00°¢2 10°1 *s81 00°* 90° 40° Q€1 0011 10°1
-, 00° 20° 0 622 56*22 10°1 o 00° 90° L0° 1€ ss*01  10°1 A
T~ - 30° _20° _20° UYW4 06%22 10°*1 *181 00" K-Ti%d L0 JD.nn - * .v
- M vo* 20° 20°* €eLe cy°22 10°t *L61 00"~ %0° 40* 62t ° SH*OY - 10°1
- P oo* 0" 20°* 2eLe ov*22 10°*1 *e81 00* 0" 10° szt o»*GY - 10°Y
i P 20° 20° 122 6€°22.-10°1——— *281 00° 90.° 10° 121 e °8L.uslls -
- M 20° 20* 20° 0¢L2 0€*2ez 10°1 *981 06* Q0* L0° 921 oe*°61 l0°% ’
- M 00° 20° 20° 692 sz*2zz 10°1 *9p1 00* %0° ITL Y 3 <2°01 10°1
- 202 26" 20° 892 02°22_-10%1 94l P o i0° »21 0zeoot .
~ | 00°* 20° 20° 192 612z 10*1 *681 00° 9 e0° €21 ¢1°01 1W0°1 e A
- " 00° 0 20* 992 o122 10°1 *6Hl 00° S0°* L0* 221 o1°*01 10°t . N
bot 20 20° — - 20° %92 e %0* 22— 10 Vo "Bl 00— P D12 a ® Je -
~ 00" 20°* 20° ®92 00°22 10°1 *681 00" 90° L0° 021 00*01 10°1 ,
- .“ 00°* 20° 20* €92 s6*12 10°*1 *yyl ©o* 9°0° 40° ol1 [ 194 10°1
ocy DO* _20° MOIOLON.IIOOOtI\ﬂetn *381 L0°% S0° “\-I bn{” ror ’ ]
. e 00° 20° c0° 192 6y*12 10°1 coyl 00°* 90°* 20° 1t (1 A Y 10°1
- “ *ed 00°* 20°* 20° 092 ov°*12 106°1 *thl [ 100d 30°* L0° 9t1 [ 1 2d T0°3
L% N °°0.xt ..?NO. - NOO - AVWN..!II.. WMOﬂN}..hOOdtv’ "lnllﬁﬂc.- DL CAYO rFy % \hnﬂ X &TS 102
~ *ed o0* 20° 20° 862 o€*12 10°1 *261 00°* %0° L0* *ll [ ]84 10°t
P *ed 00° 20°* 20° L52 62*12 10°1 *26l 06° 90° 20° €ty 2% 10°1
—rr Sad DO 20"~ 20* 962 0212101 *2561 00" Y7 L0 211 D2 a3 051y
- P b X 00° 20°* 20° 1374 61°12 10°1 *181 00°* S0° 20° 111 s1°% 10°1
- W *ad o0* 20° 20° 62 ot°1z 1t10°1 ‘161 (/1) 2 90° 40° ot “0l% 10°1 i
u 23— .00°-. 20° 20° ... €62 -  60*12 10*1 -——. . %08 .-~ —00*— - 90°*——-—40°—50¥ £0 %63 8%% *
~ I “o? 00° 20° 20°* r4 %4 6a0°12 10°1 *06l 00°* S0° 0° 801 00°e 101
\W *e? [+]' Id 20° P4 N 162 $6°02 10°1 ‘el 00* 90° t0* 201 [X 34 10°1 ~
b 2ed D0° 0% - 20° 082 —06°02-10°1 *HeL T 00° 90" — —40" 803 5°-8-mrer 202 L gy | |
= *ed Lo* 20° e0* (174 s%*02 10°1 *8el 10° S0 29° (121 (% 24 ] 10°1Y b
Rl % /] 2d 20° 20° 'R T4 u»°02 10°1 *eel 10° 90° 0 *01t (1 24 § 10°1 :
!.Flit..t! - *ed /1" A 0° 20°* L2 s€*0pe 10°1% *9e1- - —-10* 90 0% — E0F — 66— F———— el
- *ae 00° 20° 20° 92 0o£*02 10°1 *91 10° Q0* 40° 201 [ ] 10°1
U *ed 0o* 20°* 20° (X ¥4 62°*02 110°1 *QLl 10°* S0* L0° 142 8% 62°6 10t Y
b *ad 00°. . 20° . 20° —.-¥®2___02°02 -10°1... *ved 10° “0* 40* . = = By
for *ad 00* 26° 20° [ X T s1°0Z 10°1 ‘el 16* L1t M 10° [ (184 1ot
" b X 00°* 20° 20° 2y o1°0z 10°1 2 10° 90* L0° 13 ot°e 10°1 4
L—— - *e? 0o* 4N 20° 1424 $0°02 10°1 *1el - 10* s0° 20° - €6 —— G030 Y e
i °ed 00° 20° r{'hd 0¥ 0u*02 10°1 *0Ll 10° 90° et 9 00°8 10°1
o Ced 00° 4/ R 20°* ote %61 10°1 ‘h9l 10°* a9p* L0* So (1 A¥} 10°*1
ﬂTl *9? oo* a0 20°* 8te 0s*61 110°1 * 8ol 16° 80° 40° vo- ~-06%e .. 03 )
49 noe e e %2 XA IR NN KOS s T e pee RN A T
g’ (




ECERRACT PR - MR e e

. j
] ] —
[~
¥
<] o
3 (=} NN T
~ }
298 |
. @ e —_
y 8
. &a3%8
P t “ o ’
3 o
i 8 SRE80R
| T ’ t . - :
' ) 20°51 021 *lott *£9 113! £6°600
*0 Tu*st asn 8162 *19 P2 FILYN YY
1 *0__ 26°5L PYLL WY ¥ Y § 56 911 a8
Ll 0 00°91 LS 11 *9g ou Ll%e0e
¥ Sangk -SBNOH._ SaN0K .$43 L33V N NYE 3380 ADFICEON Pl
. 380711V3  KO3unD XYW 401 33A0 n0131N0 39va0LS H1430 viDAN3ISID
“ 40 3aula 30 3l NO1AVYENG HAMI XYW HAKIXYW NOKIXYW HONL XYM
: e e e DI
. *001 0 *0 ACIILNO
. 06 22 Y SN ¢t 1P
y 0e * 806 0£ *906 0L *906 NO11VA3Y3 LR
WV0 30 01 1$38) AVA1T14S INTVA IVILING sscecssssssnces 1 Nyl
SISATUNY A3 39S WYQ 30 ANVWHNS
th
y R e————— T T 704 T SRR N1 RS YL S S S1 L AS 2 > ~1318°3 3 i
. *1otE *8€62 8¢9 *6EN 1 ot" 1) [ 03 021000
| 48696 3100°24 ILLLT 6N J4E1°02 ) l»hbo.- ) 4‘“1111
W *o0vE 1942 *s021 *2e9 1 o€ NI=8 AV WAVEIBUBAN
.. : “:....‘.
!,lllll'l'{lx";li - ————— . e e e e 3 gt = — et e e ———— o — ——— e . ———— —t— . = o e - -
¢ ve"t g2° 0s* 2° . . .
Al v OLLvM € Olivy 2 OIiv¥ 1 O0livy NYW4 v3uv ®nolAVAS nO1AVEILR
N - —$N013 04-0311ddY-SOLAYE. -
N
e e 43 FAAWOTIN 3UVNO0CI- ST TN FUVADS NI VIV
1ONDJ3S B3¢ S¥IL3IW I180D) ONDI3S 334 L1333 I18ND NI SKOIL : :
) SNOILVLNEROD DINONDI3 D1AvE=NVI4 3T4ILTNAN U034 ABVHNNS (C0I33¢4 30 UGN 3IDVE0LS ONV n0V3 Wv3d
]




a2 T

»J

J

L RO RO X XN IO B - & i -0

S
.. $ T T
" h n m m “ . v B 4
: 3 - it i b ]
R
—.j s ‘ u B s e —
VR -
23pa T
ldamai &' W © .
5 i it tvcdstdiin il
X 1-E
0 L4191 vt *081 ~2¢ c2° . ‘0
0 N ¥5L ) QU VX SN TP U —1le PR LY Mmunww h"“
0 $2°91 ae *001 *0¢ 00°* 0£°0086 <0° i
2enaly Py apees —$3A04 $43 Pt Ry WY S L PO R T ¢
] va KUILND XVH d0i 83A0 LUREIG] 39valis H1430 ¥10A%3S3
.
TEMN 30 3WIL NOILWBNG  KOWIXVW NANIAYE  WNWIXYN HAMLX v auw:
T T T T p— e et 2 avis
*001 0 0 o
206 LV °45 wouc..ucu»mm RPN N PRSP TR Sy |
0L ° 906 0€ *906 0E° 906 NOILVA213 G e
Wwvad 30 40} 48332 Ava114S aNTva Iviiling setesssocesnces [l a”]
SISATUNY AL334VS UVO 30 ANVHNAS

af- " s mner ool

-
-
-
- b4 Lt L8 Tod
. . . -
3101°%C _ _3488°C 3 i6N0°2 3 418°% (1 - PP
‘081 E3! *001 1 ec* wvo G4 GN8N “
| et 3494°9  J16L°6 WY1 LTS ) ;o‘.- 3 e " 2
*bt2 *%02 ‘0et 1 ot* NI=8 4V NAVUSBUEAN “
—_— b i, . 4 b
L0* 90° $0°* .. . L. o
€ OILv¥ 2 Olivy 1 Olivy NV viuv nolivis walaveaee [
- — SKO14 04-0317dY SOLaVE_ . \
e
e i e e 4 SB3A3MOTUIN 3WVOA0S)-S3TVINFVVAOS NIV ahointin, u
(ONDJ3S w3a S¥3L3W J10ND) UNDI3IS »3¢ L334 318N N1 SKDTI :
SNOIAVANANDD DIHUNOD 3 O1ava=NY1d 37411NW 803 ANYMHNS (00183d 40 On3) 39VB0LS OGNV ROV MVId
n.‘..
. - — I
1

Gt N el - “ i



END

DATE
FILMED

v

DTIC




